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Honorable Brendan T. nyrne 2 4 MAY 1979
Governor of New Jersey
Trenton, New Jersey 03621

Dear Governor Byrne :

Inclosed is the Phase I Inspection Report for Atsion Lake Dant in
Burlington County, New Jersey which has been prepared under authorization of
the Dam Inspection Act , Public Law 92—367. A brief assessment of
the dam ’s condition is given in the front of the report.

Based on visual inspection, available records, calculations and past
operational performance, Atsion Lake Dam, a high hazard potential structure .
is judged to be in fair overall condition. The dam’s spilivay is considered
inadequate since 11 percent of the Probable Maximum Flood would overtop
the dam. The decision to consider the spiliway “inadequate” instead
of “seriously inadequate” is based on the fact that failure from overtopping
would not significantly Increase the hazard to loss of life downstream
from the dam from that which would exist just before overtopping failure.
To insure adequacy of the structure , the following actions, as a minimum ,
are recotmnended :

a. The spiliway ’s adequacy should be determined by a qualified
professional consultant engaged by the owner using more sophisticated
methods, procedures, and studies within six months from the date of
approval of this report. Any renedial measures necessary to insure the
adequacy of the spiliway and to prevent overtopping should be initiated
within calendar year 1980. In the interim , a detailed energency operation
plan and warning system should be promptly developed. Also, during
period s of unusually heavy precipitation , around the clock surveillance
should be provided.

b. The following remedial actions should be completed within six
months from the date of approval of this report:

(1) Remove trees and brush on the dam einbanbaent.



NAPEN-D
Honorable Brendan T. Byrne

(2) Thoroughly inspect and repair the concrete bridge as outlined
below:

(a) Drain the lake to an elevation equal to the bottom of
the gates.

(b) Sand blast all concrete and pressure grout all maj or
cracks and patch spalls and eroded surfaces .

(c) Apply an epoxy preservative coating to all surfaces.

(3) Repair or replace the timber slide gates.

(4) Fill and compact all eroded surfaces of the embankment and
provide suitable ground cover.

(5) Thoroughly inspect the steel sheet piling and take any neces-
sary remedial action. Construct a concrete cap on the upper portion of
the sheet piling.

(6) Inst al l riprap at the normal water line along the entire length
of the upst ream face of the embankment.

c. The owner should upgrade the operating and maintenance procedures
by issuing a manual and check list for recommended procedures. Inspection
and maintenance visits should be logged. An annual site inspection should
be conducted using a visual inspection check list similar to the one used
in this report.

A copy of the report is b.ing furnished to Mr. Dirk C. Hofman , New
Jersey Department of Environmental Protection , the designated State
Office contact for this program . Within f ive days of the date of this
letter , a copy will also be sent to Congressman Edwin B. Forsythe of
the Sixth District. Under the provisions of the Freed om of
Information Act , the inspection repor t will be subj ect to release
by this office , upon request , five days after the date of this
letter.

Additional copies of this report may be obtained from the National
Technical In f ormation Services (NTIS) , Springfield , Virginia 22161
at a reasonable cost . Please allow four to six weeks from the date of
this letter for NTIS to have copies of the report available.
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NAPEN—D
h onorable Brendan T. Byrne

An important aspect of the Dam Safety Program will be the implementation
of the recoimnendations made as a result of the Inspection. We accordingly
request that we be advised of proposed actions taken by the State to
implement our reconmendations.

Sincerely,

f ‘~~~ ;L~~~’
~~~— ~ 7~-.

1 m d  ,‘~‘JMqES G. TON
As stated ,/,~~ Colonel, Corps of Engineers

District Engineer

Copies furnished :
Dirk C. liofaan, P.E.,  Deputy Director
Division of Water Resources
N. J. Dept . of Environmental Protection
P. 0. Box CN029
Trenton, NJ 08625

John O’Dowd, Acting Chief
Bureau of Flood Plain Management
Division of Water Resources
N. J. Dept . of Environmental Protection
P. 0. Box ~N029Trenton , NJ 08625
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ATSION LAKE DAM (NJ00041)

CORP S OF ENGINEERS ASSESSMENT OF GENERAL CONDITIONS

This dam was inspected on 12 December 1978 and 28 January 1979 by Storch
Engineering under contract to the State of New Jersey. The State , under
agreement with the U.S. Army Engineer District , Philadelphia , had this
inspection performed in accordance with the National Dam Inspection
Act, Public Law 92—367.

Atsion Lake Dam , a high hazard potential structure, is judged to be in
fair overall condition. The dam’s spillway is considered inadequa te since
11 percent of the Probable Maximum Flood would overtop the dam . The de-
cision to consider the spiliway “inadequate” instead of “seriously inade-
quate” is based on the fact that failure from overtopping would not
significantly increase the hazard to loss of life downstream from the
dam from that which would exist just before overtopping failure. To
insure adequacy of the structure, the following actions, as a minimum ,
are recommended:

a. The spiliway ’s adequacy should be determined by a qualified
professional consultant engaged by the owner using more sophisticated
methods , proced ures, and studies within six months from the date of
approval of this report. Any remedial measures necessary to insure the
adequacy of the spillway and to prevent overtopping should be initiated
within calendar year 1980. In the interim , a detailed emergency opera tion
plan and warning system should be promptly developed. Also, during
periods of unusually heavy precipitation , around the clock surveillance
should be provided .

b. The following remedial actions should be completed within six
months from the date of approval of this report :

(1) Remove t rees and brush on the dam embankment .

(2) Thoroughly inspect and repair the concrete bridge as outlined
below :

(a) Drain the lake to an elevation equal to the bottom of
th. gates .

(b) Sand blast all concrete and pressure grout all major
cracks and patch spalls and eroded surfaces .

(c) Apply an epoxy preservative coating to all surfaces.

(3) Repair or replace the timber slide gates.

( 
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• (4) Fill and compact all eroded surfaces of the embankment and

( provide suitable ground cover.

(5) Thoroughly inspect the steel sheet piling and take any neces-
sary remedial action . Construct a concrete cap on the upper portion of
the sheet piling .

(6) Install riprap at the normal water line along the entire length
of the upst ream face of the embankment.

c. The owner should upgrade the operating and maintenance procedures
by issuing a manual and check list for recommended procedures . Inspection
and maintenance visits should be logged. An annual site inspection should
be conducted using a visual inspection check list similar to the one used
in this report.

APPROVED ~~~~~~~~ ~~~~~~,‘~~~MES G. TON
Colonel, Corps of Engineers
District Engineer

DATE :_________________

~~ — - - - - - — . •  •~~~~~~~~ - - - —~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~ - -—
~~~~~
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PHASE I REPORT
NATIONA L DAlI SAFETY PROGRAII

Name of Dam: Atsion Lake Dam, I.D. NJ00041
State Located : New Jersey
County Located : Burlington
Drainage Basin: Atlantic Coastal
Stream: Mullica River
Dates of Inspection : December 12, 1978 and February 28, 1979

Assessment of General Condition of Darn

Based on v i sual inspect ion, available records, past operational

• performance and Phase I engineering analyses , Ats ion Lake Darn i s
assessed as being in fair overall condition.

Hydraulic and hydrologic analyses indicate that the spiliway is
inadequate. Discharge from the spillway and from a low area of the
lake shore adjacent to the dam is not sufficient to pass the designated
spiliway design flood (SDF) w ithout an overtopping of the dam.
(The SDF for Atsion Lake Darn is equal to the probable maximum
flood.) The spillway together with the low area adjacent to the
darn can r”s approximately 10 percent of the probable maximum
flood. Therefore, the owner should engage a qualified professional
engi neer soon to perform accura te hyd raul i c and .hydrologic analyses

• relating to the spiliway capacity . Based on the findings of the
analyses , remedi al measures should be undertaken to corr~ect the
inadequate condition of the spillway. The remedial measures should
be designed either to 1) prevent overtopping of the dam resulting
from a stom equivalent to the SDF or 2) downgrade the downs tream
hazard potential by removing the three inhabitable structures
presently located In the downstream flood plain.

I I
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The embankment is free of settl ement and appears to be structurally
Sound. However, trees and brush as well as eros ion are present on
its surface. These conditions should be repaired in the near
future and thereafter maintain ed. Repairs include the removal of
trees and brush , the filling of eroded areas and the establishment
of a grass cover.

The timber spiliway structure appea s to be in good condition.
However, the five slide gates evidence some deterioration and
should be repaired or replaced in the near future .

The concrete bridge , although appearing structural ly sound , contains
a significant number of cracks and spalls which should be repaired
in the near future by sand blasting, grouting where needed and
coating wi th epoxy.

Steel sheet piling located on the ups tream face of embankment on
either side of the bridge should be thoroughly inspected in the
near future and any necessary remedial action should be taken. A
concrete cap should be constructed on the sheet piling to restore
the conditions of 1942 at which time the N.J. Highway Department
reportedly installed a concrete cap.

Riprap should be installed along the entire length of the upstream
face of embankment in the near future.

The owner should, In the near future, initiate a program of periodic
Inspection and maintenance for the dam which would include a topographic
survey to provide a record of existing conditions. Repairs should
be made when required and the following maintenance should be
performed annually: remove trees and brush from the embankment,
fil l and sod any eroded surfaces and clear the downstream channel .

ii
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As part of the maintenance program , the lake should be lowered
every five years at which time submerged portions of the dam and
appurtenances should be inspected and repaired .

Richard J. McDermott , P.E.
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( PREFACE

This report is prepared under guidance contained in the Recornended
Guidel ines for Safety Inspec tion of Dams , for Phase I Investigations.
Copies of these guidelines may be obtained from the Office of Chief
of Engineers , Wash ington, D.C. 30214. The purpose of a Phase I
Investigation is to identify expeditiously those dams which may
pose hazards to human life or property. The assessment of the
general condition of the dam is based upon available data and
visual inspections. Detailed investigation , and analyses involv ing
topographic mapping , subsurface investigations, testing , and detailed
computational evaluations are beyond the scope of a Phase I investigation ;
however , the investigation is intended to identify any need for
such studies .

In reviewing this report, it should be realized that the reported
condition of the dam is based on observations of field conditions
at the time of inspection al ong wi th data availabl e to the inspection
team. It is important to note that the condition of dam depends on
numerous and cons tantly changi ng internal and external conditi ons ,
and is evolutionary in nature. It would be incorrect to assume
that the present condition of the darn will continue to represent
the condition of the darn at some point in the future. Only through
cont inued care and inspec tion can there be any chance that the
unsafe conditions be detected. -

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance wi th the established Guidelines ,
the Spiliway Test fl ood is based on •the estimated “Probable Maximum
Flood” for the region (greatest reasonably possible storm runoff),
or fractions thereof. The test fl ood provides a measure of relative
spiliway capacity and serves as an aid in determining the need for
more detailed hydrologic and hydraulic studies , cons idering the

• s i ze of the dam, its general cond it ion and the dow’~stream damage
( potential .

vii
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

ATSIOT’1 LAKE DAM , I.D. NU00041

SECTION 1: PROJECT INFORMATION

1.1 General

a. Authority

Public Law 92—367, August 8, 1972 authorized the Secretary
of the A rmy, through the Corps of Engineers to initiate a
National Program of Dam Inspection throughout the United States .
The Division of Water Resources of the New Jersey Department
of Environmental Protection (NJDEP) in cooperation wi th
the Philadelphia District of the Corps of Engineers has
been assigned the responsibility of supervising the
inspection of dams within the State of New Jersey .
Storch Engineers has been retained by the NJDEP to inspect
and report on a sel ec ted group of these dams . The NJDEP
is under agreement with the Philadelphia District of the
Corps of Engineers .

b. Purpose of Inspection

The visual inspections of Atsion Lake Dam were made on
December 12, 1978 and February 28, 1979 . The purpose of
the Inspections was to make a general assessment of the
structural integrity and operational adequacy of the dam
structure and its appu rtenances

.1



1.2 Description of Project

a. Description of Dam and Appurtenances

Atsion Lake Dam is an earthfill dam wi th a spiliway
consisting of five timber slide gates. Discharge over
the gates flows through the dam via a discharge channel
formed by the abutments of a concrete bridge. The bridge
supports N.J. Highway No. 206 which is located along the
crest of dam. A steel sheet pi ling wall is loca ted along
the upstream face of embankment extending approximately
30 feet on eac h s ide of the upstream w ingwalls of the
bridge.

The slide gates of the spiliway also serve as outlet
works to drain the lake .

The highway located on the darn crest cons i sts of a concre te
paved roadway and bituminous paved shoulder. A section
of the downstream face of embankment has been covered
wi th bi tuminous pavement to serve as slope protec tion.

Having an overall length of 590 feet, the embankment has
a top width of 75 feet and upstream and downstream side
slopes of 1:1 and 2:1 respectively. Each of the spillway
gates has a length of 3.0 feet and height of 8.0 feet.
The total spiliway weir length is 15 feet.

2
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The upstream wingwal ls of the bridge serve as an approach
channel for the spiliway and the abutments for the bridge
serve as a spil iway discharge channel having a width of
19.8 feet.

b. Location

Ats ion Lake Dam is located in Wharton State Forest in
Wash ington Townshi p, Burlington County, New Jersey. The
dam, which lies in a north/south orientation , is located
at the eas t end of Ats i on Lake wh ich it impounds. Wa ter
released from Atsion Lake passes into Mul lica River which
flows eastward into the Atlantic Ocean.

(
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c. Size and Hazard Classification

Si ze and Hazard C lass i f i ca t ion  cr i ter ia  presented in

“Recommended Guidelines for Safety Inspection of Dams ”,
published by the U.S. Army Corps of Engineers are as
follows :

SIZE CLASSIFICATIO N

Impoundment
Category Storage (Ac-ft ) Height (Ft)
Small < 1000 and �50 <40 and �25
Intermediate � 1000 and <50,000 2 40 and < 100
Large � 50,000 � 100

HAZARD POTENTIAL CLASSIFICATION

Category Loss of Li fe Economic Loss
(Extent of Development) (Extent of Development)

Low None expected (no per— Minimal (Undeveloped
manent structures for to occas ional structures

human habitation) or agricul ture)
Significant Few (No urban develop- Appreciable (Notable

ments and no more than agriculture ,industry

a small number of or structures )
inhabitabl e structures)

High More than few Excessive (Extensive
community, Industry
or agriculture)

4 
-
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( The charac ter istics of Atsion Dam are :

Storage = 1050 acre-feet

Height = 19 feet

Potential Loss of Life: Three inhabitabl e structures
in the flood pla in within
1000 feet of dam: one home,
one hunting lodge and one
sumer cottage.

Potential Economic Loss: Three structures listed
above. N.J. Highway Route 206
on crest of dam.

Therefore, Atsion Lake- Dam is classified as “Intermediate”
size and “High” hazard potential .

d. Ownership

Atsion Lake Dam is owned by the New Jersey Department of
Transportation (NJDOT), 1035 Parkway Avenue,
Trenton, N.J. 08625.

e. Purpose of Dam

The purpose of the dam is the impoundment of a recrea-
tional lake facility .

f. Design and Construction History

The dam reportedly was originally constructed prior to
1800 to Impound a mill pond. In 1930, a new spiliway and

• a concrete bridge were constructed by the New Jersey
Highway Department, the abutments of the bridge forming a

5
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discharge channel for the spillway. The spillway consisted
of five timber gates that could be raised 1.9 feet each .
In 1934 a “blow—out of the highway embankment” reportedly
occurred behind and beneath the “left upstream wingwall .”
The New Jersey Highway Department then drove steel sheet
piling in front of and approximately two feet from the
wingwall .

In 1942, the New Jersey Highway Department reportedly
drove additional steel sheet piling and placed a concrete
cap over the piling and did considerable grouting .

Al s1~ in  1942, the Wharton Estate installed new gates
which could be lifted 8 feet. In 1944, the New Jersey
Highway Department installed lifting mechanisms on the
gates.

g. Normal Operational Procedures

The darn and appurtenances are maintained by the New
Jersey Department of Transportation. There is no fixed
schedule of ma intenance; repa i rs are made as the need
arises.

Operation of the gates is normal ly performed by the
NJDEP, Div is ion of Parks and Fores try wh ich opera tes
Wharton State Forest. The gates are raised to lower the
lake for lake related ma intenance and also are ra i sed at
times of high water level to attenuate flooding conditions.

6
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1.3 Pertinent Data

a. Drainage Area — 27 square miles

b. Discharge at Damsite

Maximum known flood at dams ite Unknown
Outlet works at pool elevation 162 c .f.s.
Diversion tunnel low pool outlet

at pool elevation N.A.
Diversion tunnel outlet at pool

elevation N.A.
Gated spillway capacity at top

of dam (elev. 50.5) 220 c.f .s.
Ungated spiliway capacity at top

of dam (elev. 50.5) N.A.
Lake overfl ow (north shore ) 225 c.f .s.
Total spillway capacity at top

of darn elev . (50.5) 445 c.f.s.

c. Elevation (Feet above MSL)

Top of Dam Varies:50.5 to 51.7
Maximum pool—design surcharge 52.2
Full flood control pool N.A.
Recreation pool 48±
Spillway crest 4?.4
Upstream portal invert diversion

tunnel N.A.
Stream bed at centerline of dam 35
Maximum tailwater 42± (Estimated)

.
, 

(
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d. Reservoir

Length of maximum pooi 8,100 feet (estimated)
Length of recrea tion pool 6,000 feet (scaled)
Length of flood control pool N.A.

e. Storage (Acre-feet)

Recreation pool 250 acre—feet
Flood control pool N.A .
Design surcharge (Elev . 52.20) 2725 acre—feet
Top of Dam (El ev. 50.5) 1050 acre-feet

f. Reservoir Surface (Acres)

Top of dam (el ev. 50.5) 600 acres (estimated)
Maximum pool (el ev.52 .2O) 950 acres (estimated)
Flood control pool N.A.
Recreation poo l 85 acres
Spiliway crest 85 acres

g. Dam

Type Earthf ill
Length 590 feet
Height 19 feet
Side slopes — Upstream 1 horiz. to 1 vert.

— Downstream 2 horlz. to 1 vert.
Zon ing Unknown
Impervious core Unknown
Cutoff Steel sheet pi le

wall upstream side
of dam each side

• of bridge.
Grout curtain Unknown

• (
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h. Diversion and Regulating Tunnel N.A.

1. Spiliway

Type Slide gates .
Length 15 feet
Crest elevation 47.4
Ga tes - 5 Timber Sl ide Gates

3.0’ long
Upstream channel Conc. wingwalls

of bridge
Downstream channel 19.8’ wide conc . channel

(bridge abutments )

j. Regulating Outl ets

Timber slide gates 3.0’ long

- • - - —  _~~~~~~~~~~~~~~ _ 1



SECTION 2: ENGINEERING DATA

2.1 Desigfl

No plans or calculations pertaining to the original dam could

be obtained . However, information generated at the time of

the bridge and spillway construction in 1930 is available.

Construction drawings prepared by the New Jersey State Hig hway

Department, Division of Bridges in 1929 contain the following :

a. Key map
b. Location map
c. Plan , elevations and section of bridge
d. Details of bridge

In addition , hydraulic cacluations in connection wi th the
subject darn are available. Calculations prepared in 1929
indicated that the gates could discharge 1670 c .f.s. when
raised 8.5 feet wi th freeboard equal to 0.5 feet. In 1941, it

was found that the gates could be raised only 1.9 feet. New
calc ulations were then prepared in connection wi th a design
for new gates. The design storm was determined to have peak
infl ow of 1240 c.f.s. based on the South Jersey curve and
gag ing at Batso on the Batso River. Hydraulic calculations
indicated that the gates must be raised 7.2 feet in order to
discharge 1240 c.f.s. “with the roadway awash. ”

A design report prepared in 1929 by the New Jersey State Water
Policy Commission stated that an uncontrol l ed weir spillway
capable of pass ing the des ign storm was cons idered unnecessary
and that gates capabl e of being raised at times of high water
level would be adequate.

(
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2.2 Construction

Progress reports were prepared by the New Jersey State Water
Policy Commission. The reports were initiated before construction
commenced and continued through completion of construction. A
final report dated October 7, 1930, indicated that work had
been completed in accordance wi th the approved plans.

2.3 Operation

No records of operation of the dam are available. A limited
number of inspection reports for the bridge are contained in
the files of the New Jersey Department of Transportation. One
inspection report for the dam is contained in the NJDEP file.
This inspect ion report , written in 1968, indicates that the
darn and appurtenances were in good condition at that time.
The report al so indicates that timbers in the spillwa y structure
were rotting at the water line but that repl acement was not
required at that time.

2.4 Evalua tion

a. Availabil ity

• Available engineering information is l imited to that
which is on file at the NJDE P and NJDOT. The NJDEP file
conta ins cop ies of p lans calculat ions , reports, correspond-
ence, photographs and Inspection reports. The file is
availa ble for inspection at the offices of the Bureau of
Flood Pla in Management, 1474 Prospect Street, Trenton, N.J.

11
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( b. Adequacy

The available information forms a fairly complete description
— of the subject dam and is considered to be of significant

assistance in the performance of a Phase I evaluation. A
l ist of absent information is included in paragraph
7.1.b.

c. Val idity

Most information that could be verified is considered to
be valid within a reasonable allowance for error. Hydrologic
computations in connection wi th design flood magnitude
are cons idered inval id in relat ion to criter ia recently
developed by the Corps of Engineers . Data found in the
NJDEP file at variance with the findings of this inspection
and evaluation are noted in paragraph 7.1.b.

(
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SECTION 3: VISUAL INSPECTION

3.1 Findings

a. General

The inspec tions of Ats ion La ke Dam took place on December 12, 1978
and February 28, 1979 by members of the staff of Storch
Engineers. A copy of the visual inspection check list is
contained in Appendix 1. The following procedures were
employed for the inspec tion:

1. The embankment of the dam, appurtenant structures
and adjacent areas were examined .

2. The embankment and appurtenant structures were
measured and key eleva tions determined by hand
level .

3. The embankment and appurtenant structures and
adjacent areas were photographed .

4. A member of the maintenance staff of NJDEP,
Divi s ion of Parks and Forestry was present to
assist in the inspecton .

b. Dam

The embankment appeared to be uniformly aligned horizontal ly.
Vertically, the dam crest varies from a maximum elevation
of 51.7 to a minimum elevation of 50.5. The south half
of the dam has a level crest at elevation 51.7 while the
north half slopes downward from elevation 51.7 at the
bridge to elevation 50.5 at the north end. A 1000-foot
section of the lake shore located along the north side of
the lake adjacent to the north end of darn has a bank with
elevation varying from 50.2 to 50.5. Therefore, high
water levels will flow over the north bank of the lake
before overtopping the darn.

13
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The concrete paved hig hway located on the dam crest is in
good condition. The embankment slopes are grass covered
with thick tree growth on the downstream face and a few
trees on the upstream face. Minor erosion was observed
along the upstreani face of embankment while significant
erosion was noted along some areas of the downstream
face. The erosion on the downstream face has caused
pieces of bitum inous pavement to break away in one location
that had been formerly paved .

Riprap was observed along most of the upstream face of
embankmen t. The riprap appeared to be composed of rocks
and debris lacking in durability and therefore was assessed
as being unsatisfactory.

Steel sheet pil ing along the upstream face of embankment
on either side of the spiliway appeared to be structurally
sound but its surfaces are severely rusted.

No evidence of cracking or settl ing was noted in the dam
nor were any an imal holes observed .

The general ized soils descripti on of the dam site consists
of stratified materials, predominantly silty sand and
narrowly graded sand, deposited during, the Tertiary
period and designated on the Geologic Map of New Jersey
prepared by Lewis and Kummel as Kirkwood Sands. Composed
on the average of varying percentages of very fine to
coarse quartz sand, the Klrkwood Sands are overlain in
the area of the lake by recently deposited stratified ,
swampy alluvium consisting of significant organic material ,
sil t and sand wi th some clay.

Bedrock is In excess of 100 feet below the ground surface.

14
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c. Appurtenant Structures

The timber framework supporting the lift gates of the
spillway appeared to be recently constructed and in good
condition. The gates appeared to be somewhat deteriorated
and were leaking around their edges and through seams.
The operating mechanism reportedly is in good condition.
One gate was operated during the inspection . The concrete
bridge and wingwalls appeared to be structurall y sound ,
although , several cracks and spalls were observed. Some
leaching of cement was observed at cracks and joints.
Exposure of the concrete aggregate was noted in areas of
water level fluc tuations and a large section of concrete

• had broken off from the south downstream wingwall .

d. Reservoir Area -

Atsion Lake is a long and narrow irregularly shaped body
of water. The lake has an average width of 600 feet and
is in excess of one mile long. A large flat swampy area
is located immediately south of the lake .

A few homes are located along the north side of the lake
while the south side is predominately wooded and swampy
with a public park area at the south east end.

e. Ddwnstream Channel

The spiliway discharges into the Mullica River which is a
wide shallow winding stream wi th a very wide swampy flood
plain. The downstream area of the dam Is located wi thin
Wharton State Forest. A large stilling basin is located
Immediately downstream of the spillway discharge channel .

1.5
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No signi ficant obstructions were observed in the stilling

basin or the stream. A few structures are located in the
downstream flood plain three of which , reportedly, are
inhabited for all or part of the year. There is a home,
a hunting lodge and a summer cottage..

16
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SECTION 4: OPERATIONAL PROCEDURES

4.1 Procedures 
-

The level of water in Atsion Lake is regula ted by natural
discharge over the slide gates of the spillway and by discharge
through the gate openings when they are raised for operational
purposes. The gates are raised to lower the lake for maintenance
purposes and at times of intense storms to attenuate flood
water levels.

The lake reportedly was most recently lowered during the
summer of 1978. At that time, two to three days were required
to drawdown the lake.

4.2 Maintenance of the Dam

There Is no program of regular inspection and maintenance for
the darn and appurtenances which are maintained by the NJDOT.
Maintenance is performed on an “as—needed ” basis. Normal
maintenance consists of repa irs to the roadway located on the
dam crest.

4.3 Maintenance of Operating Facilities

Maintenance of operating facil iti es such .as the timber gate
structure Is performed on an “as—needed” basis by the NJDOT.
Reportedly the most recent maintenance consisted of the replacement
of timbers in the spillway structure in the fall of 1978.

(;
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4.4 Description of Warning System

Reportedly a warning system is maintained by the Division of
Parks and Forestry, NJDEP, wh ich operates Whar ton State Forest
within which the dam is located. State forest rangers observe
lake levels during times of intense flood ing and personnel at
the Division of Parks and Forestry raise the slide gates to
attenuate flood levels. •

4.5 Evalua tion of Operational Adequacy

Operation of the dam has been successful to the extent that
the dam has not been overtopped s ince the warn ing system has
been operating. The system now in effect appears to be a
feasible one wi th minimal potential for human error. This
assessment is based on the fact that personnel responsible for
observa tion and gate opera tion are public employees stationed
near the dam.

The NJDOT ma inta ins records of inspect ion reports for the
br idge , which are limited in number. However, documentation
of maintenance performed on the dam apparently is not kept.
Maintenance of the dam and appurtenances has been fair.
Maintenance that has not been adequately performed is as
follows :

1. Trees and brush allowed to grow on embankment.
2. Erosion allowed to develop on embankment.
3. Steel sheet piling allowed to rust.
4. Concrete surfaces of bridge and wingwalls allowed to

deteriorate.
5. Timber gates not repaired or replaced .
6. Riprap on upstream face of embankment not replaced.

18 -
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SECTION 5: HYDRAULIC /HYDROLOGIC

5.1 Evalua tion of Features

a. Design Data

The intensity of storm water runoff that the spillway
should be able to handle is based on the size and hazard
classification of the dam. This runoff intensity , called
the spiliway design flood (SDF), is described in terms of
frequency or probable maximum flood (PMF) dependi ng on
the extent of the dam ’s size and potential hazard .
According to the “Recommended Gu id eli nes for Safety
Inspection of Darns”, published by the U. S. Army Corps of
Engi neers, the SDF for Atsion Lake Dam Is equal to the
PMF.

The SDF peak inflow calcula ted for Atsion Lake Dam is
7865 c.f.s. This value is derived from the PMF hydrograph
computed by the use of Snyder ’s coefficients in the
HEC—1—DB Flood Hydrograph Computer Program. Detailed
hyrologic computations and computer output are contained
in Appendix 4.

Discharge capacities for Atsion Lake Dam were computed by
considering two points of outflow from the lake : the
spillway and the low area along the north shore of the
lake adjacent to the dam. The spillway was assumed to
have characteristics of a sharp crested weir. The discharge
with water level at the dam crest (elev. 50.5) was computed

C
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to be 220 c.f.s. The low area adjacent to the dam was
assumed to have characteristics of a broad crested weir
with C=2.63. Discharge over the low area with water
level at the dam crest (elev. 50.5) was computed to be
225 c.f.s.

A routing of the SDF through Atsion Lake resulted in an
overtopping of the dam by a height over the dam crest of
1.7 feet (water level elevation 52.2). For overtopping
analysis, the dam crest elevation was assumed to be 50.5
which is the elevation at the north end of the dam.
(Note: top of darn was assigned elevation 51.7 on the
HEC—1—DB program to facilitate input of data ; 51.7 is
the dam crest elevation at the south end of the dam.

The wide swampy downstream flood plain together with the
unusual ly long amount of time required for a breach to
develop in the dam (topwidth 75 feet) indicates that darn
failure resulting from overtopping would not significantly
i ncrease the hazard from that whi ch would exi st just
before overtopping failure .

Accord ing to the above analysis, the subject spillway is
assessed as being inadequate in accordance with cri teria
developed by the U.S. Army Corps of Engineers.

b. Experience Data

The dam reportedly has not been overtopped since the
1940’s. However, dur ing intense storms in the past,
large areas south 0f Atsion Lake consisting of flat
swampy land have become Inundated. On one occasion,

(
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water that outflowed from the lake through the swamp
overtopped Route 206 approximately 1300 feet south of the
darn. A portion of this area has been regraded recently
by filling . However, most of the swampy area remains
undisturbed .

c. Visual Observations

No evidence was found at the time of inspection that
would indicate that the darn had been overtopped.

d. Overtopping Potential

As indicated in paragraph 5.1.a., a storm of magnitude •, 

-•

equivalent to the SDF would cause overtopping of the dam
to a height of 1.7 feet over the dam crest. This overtopping
would occur at the north end of the dam where the eleva tion
of the crest is lowest. Further computations indicate
that the spiliway , together with the low area adjacent to
the darn, can pass approximately 10 percent of the PMF.
In addition , the spiliway can pass app?oximately 4 percent
of the PMF wi thout an overtopping of the low area adjacent
to the dam.

(
-.
‘
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SECTION 6: STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations

The embankment appeared, at the time of inspection , to be
structurally stable with no evidence of cracks, displacement
or differential settlement.

b. Design and Contruction Data

Analysis of structural stability and construction data
for the embankment are not available.

c. Operating Records

There are no operating records available for the dam.
The water level of Atsion Lake is not mon itored in a
systematic manner. The only monitoring consists of
observations during times of high water in connection
with the warning system employed by the NJDEP Division of
Parks and Forestry. See paragraph 4.4.

d. Post Construction Changes

Since the bridge and gates were constructed in 1930, the
following changes have taken place :

1. Steel sheet piling Installed al ong the upstream
face of embankment for approximately 30 feet on
either side of the upstream wlngwalls of the
bridge.

22
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2. Gates repl aced in 1941 with gates that can open
to a height of 8 feet.

3. Embankment widened . Top width reported in 1930
as 20 feet; measured in 1978 as 75 feet.

e. Seismic Stability

Atsion Lake Dam is located in sefsmic Zone 1 as defined
in “Recommended Guidelines for Safety Inspection of Dams”
which is a zone of very low seismic activ ity. Experience
indicates that darns in Seismic Zone 1 will have adequate
stability under seismic loading conditions if stable
under static loadi ng conditi ons. Atsion Lake Dam appears
to be stable under static l oading conditions.

23
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SECTION 7: ASSESSMENT AND RECOMMENDATIONS

7.1 Dam Assessment

a. Safety

Based on hydraulic and hydrologic analyses outlined in
Section 5 and Appendix 4, the spiliway of Atsion Lake Dam
is considered to be inadequate . The spiliway is not able
to pass the SDF designated for the darn wi thout an overtopping
of the dam , yet failure due to overtopping would not
significantly increase the potential for loss of life
downstream from that which would exist just before overtopping
fail u re.

The structural integrity of the dam appears to be good
based on field inspection. No reported nor written
evidence was found that would contradict this assessment.

b. Adequacy of Information

Information sources for this study include: 1) field
inspection, 2) plans , correspondence and reports in NJDEP
files, 3) USGS quadran gl e sheet, 4) aerial photography
from Burl ington County and 5) consul tation with personnel
from NJDEP and NJDOT. The information obtained is sufficient
to allow a Phase I assessment as outl ined in “Recommended
Guidelines for Safety Inspection of Dams.”



Some data not availa ble are as follows :

1. Stream and lake elevation gauging records.
2. Description of dam embankment fill materials.
3. Structural design computations and reports.
4. Soils reports.

Data contained in the NJDEP file at variance with the
findings of this report are as follows :

1. Slope of downstream face of embankment , reported
to be 1:1, was found to be 2:1.

2. Top width of dam, reported to be 20 feet, was
found to be 75 feet.

c. Necessity for Additional Data/Evaluation

Although some data pertaining to Atsion Lake Dam are not
available, add itional data are not considered imperative
for this Phase I evaluation .

7.2 Recommendations

a. Remedial Measures

Based on hydraulic and hydrologic analyses outlined in ‘

paragraph 5.1.a and appendix 4, the spillway is considered
to be inadequate. Therefore, it Is recommended that a
qual ified professional engineer be engaged in the near

- future to perform more accurate hydraulic and hydrologic
analyses relating to the spiliway capacity. The analyses
should more accurately determine runoff characteristics
of the watershed and should refine the discharge capacity

( of the spiliway and the downstream channel capacity.

25
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Based on the f i n d i n g s  of these analyses, the dam and the
spiliway should be modified to prevent overtopping of the
darn resulting from a storm equivalent to the SDF. Some
alternative remedi al measures i nclude the fol lowing,
considered individually or in combi nations :

1. Replace the spillway with a spiliway having a
greater effective weir length.

2. Construct an auxiliary spillway. to augment the
capacity of the existing spiliway .

3. Regrade the north end of the dam and the low
area along the north shore of the lake to form
a level crest with elevation equal to 51.7 and
thus eliminate any overtopping of the darn or
lake shore below elevation 51.7.

4. Remove the three inhabitable structures from
the downstream flood plain of the dam so that
the hazard potential can be downgraded from
Thigh” to either “low ” or “significant. ” This
may be feasible due to the fact that the downstream
area of the darn is owned by the State of New
Jersey.

Remedial measures to increase spiliway capacity will
require hydrologic studies to refine the SDF Inflow
hydrograph beyond that used for the present Phase I
analysis.

26



In addition to the above, it is recommended that the
following remedial measures be undertaken by the owner in
the near future.

1. Trees and brush on the dam embankment should be
removed. All trees and brush should be cut at
the ground surface.

2. The concrete bridge should be thoroughly inspected
and repaired as outl ined below:

a. Drain the lake to an elevation equal
to the bottom of the gates.

b. Sand blast all concrete and pressure
grout all major cracks and patch
spalls and eroded surfaces. -

c. Apply an epoxy preservative coating
to all surfaces.

3. Repair or replace the timber sl ide gates.

4. Fill and compact all eroded surfaces of the
embankment and restore a sui table grass cover
to all surfaces. -

5. Thoroughly inspect the steel sheet piling and
take any necessary remedial action. Construct
a concrete cap on the upper portion of the
sheet piling to restore the conditions of 1942
at which time the N.J. Highway Department
reportedly installed a concrete cap.

6. Install riprap at the normal water line along

- - 
- 

the entire length of the upstream face of( I embankment.
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The implementation of the above measures will require
proper detai led design and the obtaining of appl icable
NJDEP approvals.

b. Maintenance

In the near future, the owner of the darn should initiate
a program of periodic inspection and maintenance, the
complete records of which to be kept on file and made
available to the public. A visual inspection by a qualified
professional engineer should be made annually and reported
on a standardized check-list form. Repairs should be
made when required and the follow i ng maintenance shoul d
be performed annually: remove trees and brush from the
embankment, repair the riprap after it is installed on
the upstream dam face, fi ll and sod any eroded surfaces
and clear the downstream channel . In addition , the lake
shoul d be lowered at least every five years at which time
the submerged portions of the dam and spillway should be
inspected and repaired.

c. Additional Studies

A detailed topographic survey of the dam, including the
area around the dam, shou ld be undertaken in the near
future by a qual ified l icensed land surveyor or professi onal
engineer. The survey map should be related to existing
construction drawi ngs and should become part of the
permanent record mentioned in paragraph 7.2.b.

28 
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PHOTO 1
SPILLWAY APPROACH CHANNEL.
RUSTED STEEL SHEET PILING.

PHOTO 2
SPILLWAY GATE STRUCTURE

12 DEC . ~978

U -.



‘p

PHOTO 3
GATE OPERATING MECHANISM AND

TIMBER WALKWAY

I I

PHOTO LI
(S  

TIMBER GATES WITH LEAKING AROUND
EDGES AND THROUGH SEAMS

12 DEC. 1978

__________________________ _______________ ____________ • A
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PHOTO 5
UPSTREAM FAC E OF EMBANKMENT

.5-

5

.

-

PHOTO 6
BROKEN CONCRETE IN DOWNSTREAM

WINGWALL OF BRIDGE

12 DEC. 1978

_______________________________ _______________________ ________________ A
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PHOTO 7
R I PRAP ALONG UPSTREAM FACE OF EMBANKME NT

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~

PHOTO 8
EROSION ON DOWNSTREAM FACE OF EMBANKMENT

12 DEC. 1978



JI1L
~
.”flff~

PHOTO 9
PAVED ROAD ON CREST OF DAM

PHOTO 10
STI LLING BASIN

12 DEC. 1978
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U 
CHECK LI ST

HYDROLOGIC AND HYDRAULIC DATA

ENGINEERING DATA

DRAINAGE AREA CHARACTERISTICS : Predominate ly W ooded

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY): 48~(25O acre-feet)

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): N .A.

ELEVATION MAXIMUM DESIGN POOL : 52.2 -

ELEVATION TOP DAM: Varies: 50.5 to 51.7

SPILLWAY CREST : Five slide gates

a. Elevation47 -4
b. Type Sharp crested weir

c. Width N.A. 
- - 

-

d. Length 15 feet

• e. Location Spiliover Upstream side of dam

f. Number and Type of Ga tes Five slide gates -

OUTLET WORKS : Five slide gates

- 

a. Type Slide gates -
- 

b. Location same as spiliway -

c. Entrance inverts 40.3 -

d. Exit inverts same as entrance

e. Emergency draindown facilities : Raise si-i de gates -

HYDROMETEOROLOGICAL GAGES :
__

None

a. Type N.A.

• 

b, Loca tion__
N A .

C. Records N.A. -

MAXIMUM NON-DAMAGING DISCHARGE :

(Lake stage equa l to elev. 50.2) 190 cfs(
~) 

- 

- 5 ’

___  — ~~~~~~~~~ 
-_~~~~~~~~~~~~~~

- - .
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PMF OUTFLOW .J YDRO tSRA PI-~

ST *T I~~1 DA M, pt.*i t,  ~~&Ti o i
r1D—O F— ~ (R 10D HYDRO G# APN 0~ DI4A TE S

M3. 0A H8.MN PERJ~~p_j3u9S 1~~FL __~~ [fj 0W S T0RA G~ ST 4_GF.~~
1.01 1.00 1.00 23. 1. 208. 47.4
1.01 2.00 2.00 24. 2. 210. 47.5
1.01 3.03 3.30 22. 2. 212. 47.5

4 4.00 20. 3. 213. 41.5
1.01 5.00 5.00 19. 4. 214. 47.5
1.01 6.00 6 6.00 18. . 215. 47.

_______ 1.01 7.00 i~0• 0 17. 4. 216. 47. _____

1.01 8.30 8 8.30 16. 5. 217. 47.
1.01 9.00 9.00 15. 5. 218. 47.
1.01 IC.00 1 10.00 15. 5. 219. 47.6

________1.Q1_11.00_______ 1 _11 .30_________ 17. 6~. ______

1701 12.00 1 12.00 20. 6. 221. 47.6
1.01 13.00 1 13.30 30. 7. 222. 47.6
1.01 14.00 1. 14.00 54. 3. 225. 47.6
1.31 15.30 1~~~~~5~ 0• 0 100. 10. 230. 41.
1.01 16.00 16 16.00 148. 14. 241. 47.
1.01 17.00 17 17.O fl ‘29, ~4. ‘61.
1.01 P1 . 0 0  10 111 . 0 1  ‘~~0. ~~‘. ~~~3. 4” .4

________ I • 01 I ‘I. 111 I I 1• 111 ‘• . 34 I . ~~“1.01 p0.00 - 28 ~~.08 lflt., It . 408.
1.01 21.00 21 21.00 1304. 111. 496. 49.3
1.01 22.00 22 22.00 1612. 137. 606. 49.6
1.01 23.00 23 23.00 1q38.______ 167. 740. 49.
1.07 0.00 24 2 4 .3 0 2~~i~~. 2 2 4  • 9) 9.  5O.
1.02 1.00 25 25.00 2632. 475. 1073. 50.5
1.02 2.00 26 26.30 2997. 950. 246. 50.8

_______ 1.02 3.0’ 2 7 7 7. 3 3  ~~71. 1478. 4 09.  53.0
l .02 4 .00  2 8 29.30 3753. 2116. SbS. 51.1
1.02 5.00 29 29 .00 4 142.  2 6 4 4 .  .695. 51.3
1.02 6 .00  30 30 .00  4~~33. 3120.  1805. 51.4
1.02 7.00 31 31.00 4 924 .  3663 .  1916. _______1.02 8 .30  32 32.~~3 5~~O9. 41~~4. 2016. 51.6
1.32 .03 33 33 . 30  5679. 4 567.  2110. 51.7
1.02 10.0 34 34 . 30  6 0 2 6 .  4 3 5 5 .  2199. 51.8
1:~ I3- -~ ~~~~~~ I4~: ~-ll~:1.02 13.0 37 3 1.30  68 95 .  6133. 2426.  52.0
1.02 14.0 38 3 q • 3 3  7126. 646 1.  74 8 5.  52.0
1.02 15.0 39 39 .00  7327 .  6 745.  2536 .  5’ _______

1 • 32 1~~~3 40~~~~070 o 7 4 0~~. 69~~!. ~ 5 A 0 .
1.02 17.0 41 41 . 3 0  7639. 7 39 3 , 2619. 52.1
1.02 18.0 42 4 2 . 0 3  7744 .  7373 .  2652. 52.1

_______ 1.02 19.0 4 3 4 3 . 0 0  7824 .  7570.  2679.  52.1.02 20 .0  44 44 00 79S4 ~. ‘T~15. 2700.  52.
1.02 21.0 45 4 5 .00  7 06 5 .  7716. 2716. 52.2
1.02 22.0 46 46 .00  7823. 7761. 2724.  52.2

______ 1.02 23.0 4 4 7 . 0 3  7733. 776j . 2125, 5~.1~~03 .0 5 4 3 .00  7~~94. 77 31. 2719. 52.
1.03 2 .0  49 4 9 . 0 0  7a 3 9 •  7649 . 2703.  52.2
1.03 2.0 50 50.00 7 194. 7526. 2590 . 52.2
1.03 3 .O u 51 51.00 5911. 7364 . 2651. 52.1
1.03 4 . 0 0  52 52 . 00  6750. 7131. 2617. 52.1
1.03 5.00 53 53.00 6 536.  6993.  2592. 52.1
1.03 6.00 54 54.00 6329.  6792.  2545.  52.1

______ O .fl’ 7~~00 cc c5~.35 ~ t2 5. •6 5°~’- ~50A.
1.03 8.00 56 56.00 5933. 639 7. 2471. 52.0
1.03 5 .00  57 51.20 5744.  6199 . 2435. 52.0
1.03 10.00 58 53.00 5561. 5933. 24 00.  51.91.83 11.00 59_59 .00 •53~S3. 6933 . 2365, 61.9
1.03 12.00 60 6 0 . 3 0  5212. 5626. 2333 . 51.9
1.03 13.00 61 61.00 5046.  546 7.  2300.  51.9
1.03 14.00 62 62.3C 4 ” ’ 35 .  53 37 .  22 6 1 .  51.8
1.03 li ..0Q. & I_63.30 4129. 5147.. 2233.  ______

1.03 16.00 64 64 .00  4579 .  493 1. 2201.  51.8
1.03 17.00 65 65.00 ~*33 .  4 8 3 7 .  2168. 51.8
1.03 18.00 66 66.00 4292.  4698 . 2137. 51.1

_____ 1.83 19.80 f.7 &7~~~ 4155 454k. ‘I~~~. 4 1 7
1.03 20 ,00  68 59 .00  4 02 2 .  4 4 3 5 .  2075.  51.7
1.03 21.00 69 69.00 3 894 .  4211.  2 0 4 5 .  51.6
1.03 22.00 70 70.03 3770 .  4 136 .  20 14 .  51.6
1.0 3  23 ,00 7L_iL.Q0  3[.50. 4004-  967.
1.04 0.00 72 72 .00 3534 .  3815. 960. 51.6
1.04 1.00 73 73 .00  34 2 1 .  3749 .  934 .  51.5
1.04 2.00 74 74.00 33~~2. 36 27. 309. 51.51.fl~ ‘.00 .l5~... 75.00 3207. 3509- 1984,

(

~ ~J~~~I I
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1.04 4.00 76 16.00 3104. 3394. 1960. 56.5
1.04 5.00 77 77.0’ 3C35. 3293. 1838. 51.4
1.04 6.03 79 79.30 2~~10. 3176. 1q16. 51.4
1 0 4  7.0_ n 79_79.30 2817 307.3. 179j _______ _______

1.04 9.00 80 80.00 2727. 2 95. 6775. 51.4
1.04 9.00 81 81.00 2640. 2915. 1754. 51.4
1.04 10.00 82 92.30 2556. 2832. 1733. 51.3

________ 
______83 $s.3o 24.75- 7743. -3-71.1- ~ 1. .’

1~~04 12.00 84 84.30 2396. 2665. 1690. 51.3
1.04 13.~~ 95 95.30 2320. 2593. 1669. 51.3
1.04 14.00 86 66.30 2246. 2531. 1649. 51.2
1 .~ q j5.~30~ _ 81_87.:0_.__2L74..  ‘4 22. 1629 - _______

1.04 16.00 88 93.03 2135. 2344. 1660. 51.2
1.04 11.00 89 89.00 2038. 2269. 1592. 56.2
1.04 19.00 90 90.00 1913. 2195. 1574. 51.2

.9L~~91.oo .1913. 2123- 4557-
1.04 20.00 92 92.10 1949. ‘054. 1540. 51.1
1.04  2 1 . 0 0  93 93 .3 3  79 9 .  9 97 .  1525. 51.1
1.04 22.00 94 94.00 1733. 1’22. 1513. 51.1

______ 3 . 3 4  25.00 9.5 .95.3.fl .~.78. 859. [435. 4 1 .1
1.05 fl.00 96 96.00 1624. 1799. 1481. 51.1
1.05 .00 97 97.00 1573. 1749. 1469. 51.0
1.05 .00 98 99.00 1523. 1693. 1455. 51.0

— 1 -~~~~ .00 99. ...99~~0fl  1.4~74 . 1 628. 1442.
1.05 4.00 100 100.30 1427. 575. 1432 .  5 1.0
1.05 .00 101 101.00 1382. 5?4 . 1419. 51.0
1.05 .00 102 102.30 1338. 1474. 1408. 51.3

______ 1..flS......... .10 t0.3....1.0 3..30_____ 195 4 2.6. 592- 4 1 - f l
1.05 8.00 104 104.00 1254. 390. 388. 50.9
1.05 9.00 105 105.CO 1214. 335. 578. 50.9
1.05 20.00 106 106.00 1175. 1291. 369. 50.9 

i0.7_.107.Q3 1133. 124-9. 360- _____

1. 05 12 . 0 3  108 13 1.33 16 3 6 .  1211. 351. 50.9
1.05 13.00 109 09.00 1061. 1199. 342. 50.9
1.0~ 14.00 110 10.00 1020. 1164. 331. 50.9 

IlL. 1.1. 02 9.61. 1.3.6 . 320- sn a g
1.05 16.00 112 12.00 942. 136. 308. 50.8
1.05 17.00 113 13.30 932. 069. _ 293. 50.8
1.05 18.00 114 _ 14.00 708. 011. 1270. 50.8
1.05.._j.9.OO _____ 115 115.00 _ 562. — -  939._._.....1242. _90.8
1.0~ 20.00 116 116.00 380. 848. 1207. 50.1
1.05 21.00 117 117.30 355. 75?. 1171. 50.7
1.35 22.00 118 613.00 331. 669. 1141. 50.6
1.05 23.00 119 119.00 309. 597. 1115. 50.6
1.06 0.00 120 120.00 299. 5’4. 1093. 50.5
1.06 1.OC 121 121.00 289. 479. 1074. 50.5
6.06 2.00 122 122.00 251. 43% 1059. 50.5

________ ______ 123 _ 123.33 .. 234._...._.3’S. 1046. 50,5
1.06 4 . 0 0  124 1 2 4 . 0 0  218. 3~~0. 1054. 50.5
1.36 5.00 125 175.00 204. 329. 1024. 50.4
1.06 6.00 126 126.00 190. 301. 1014. 50.4

_________ ______ ______ 2?6. 1306. 50.4
1.06 8.00 129 123.03 165.. 2s6. 999. 50.4
1.06 9.03 129 129.00 154. 254. ~~2. 50.4
1.06 10.00 130 130.00 144. 751. 50.4 

131....131.00 _______134.. 24~~. 276,________ ________

1.06 12.00 632 132.30 125. 246. 967. 50.3
1.06 13.00 133 633.00 117. 243. 958. 50.3
1.06 14.00 134 334.00 109. 240. 949. 50.3

_______ *..06 1.5.,.0~0 135_[35. 00 102. 231. 939,________ 
______

1.06 16.03 136 136.00 95. 234. 528. 50.3
1.06 17.00 137 37.~~3 99. 230. 918. 50.3
1.06 18.03 ~3g 34.30 93. 227. 907. 50.2
1 . O b  19.00 13 39 .00 77. 273.  996. 53 .2 ______1.0 2 0 .0 0 14 4 0 . 0 0  72.~~~~~~~220. 885. 50.2
1.06 21.00 14 41.00 67. 216. 874. 50.2
1.06 22.00 14 .42.00 63. 212. 963. 30.2
1.0.6 23.00_ . 14 143.D0 ...._....59, _208. 952. 50....1.0~T 0.00 644 *44.33 55. 234. 941. ~0.1.31 1.00 1~ 5 145.00 51. 200. 830. 50.1
1.07 2.00 146 146.00 47. *96. 819. 50.1

— 1:3~ ~~1.07 5.00 149 149.00 39. 133. 792. 50.0
1.07 6.00 150 150.00 36. 179. 770. 50.0
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